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transimpedance amplifier having a first transistor, and a
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transistor. The first transistor and the second transistor are
configured to compare the bias current with a reference
current, and to generate a regulation voltage on an output
node of the transimpedance amplifier. A capacitor 1s coupled
between the output node of the transimpedance amplifier
and the gates of the first and second transistors.
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BIASING CURRENT REGULARIZATION
LOOP STABILIZATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to French Patent Appli-
cation No. 1751294, filed on Feb. 17, 20177, which applica-
tion 1s hereby incorporated herein by reference.

TECHNICAL FIELD

Embodiments of the invention relate generally to inte-
grated circuits and, 1 particular embodiments, to biasing
current regularization.

BACKGROUND

Some 1ntegrated circuit devices need a constant bias
current, for example, 1n order to place a component under
conditions that are advantageous for the operation thereof.

One conventional solution for setting a bias current con-
s1sts 1n using a current mirror. However, 1n some applica-
tions, for example, when gate lengths must be kept to a
mimmum, 1t 1s not possible to use this type of mirror due to
problems matching the components of the circuit.

Moreover, the bias current must be regulated. That 1s to
say, for example, controlled by negative feedback 1n order to
prevent variations in its value stemming from external
causes and 1n order to ensure a precise bias current.

Bias current regulation loops BCLO0, as shown, for
example, by FIGS. 1 and 2, enabling a regulated current to
be passed through the device have, therefore, been produced.

In FI1G. 1, the regulation loop BCLO0, which regulates the
bias current IDC flowing through a stage to be regulated
REGO, includes a transimpedance amplifier AMPO config-
ured to compare the bias current IDC with a reference
current Iref.

It will be recalled here that a transimpedance amplifier
makes 1t possible, in a standard and known manner, to
generate on its output a voltage signal from a current signal
(for example a current variation or diflerential) at 1ts 1nput.

The amplifier AMPO0 generates a regulation voltage on an
output node A0. Such regulation voltage controls the con-
duction of a transistor T1 channelling the bias current IDC
across its conduction terminals.

FIG. 2 shows the mtegrated circuit CI from FIG. 1, and
details an example of a transimpedance amplifier AMPO.

The amplifier AMPO includes two transistors T2, T3,
which are P-MOS transistors in this example, connected nto
a differential pair, which make it possible to compare the
bias current IDC with the reference current Iref.

The ratio of the resistances of the resistors R2 and R3
makes 1t possible to compare values of the bias current IDC
and of the reference current Iref 1n accordance with the same
ratio.

The reference current Iref 1s transmitted to the drains of
the transistors T2 and T3 by a current mirror MIR 1ncluding
three transistors T4, TS, T6, which are N-MOS transistors in
this example. The transistor T6 1s diode-connected, and the
two transistors T4 and T35 pass a copy of the reference
current Iref to each of the two ftransistors T2 and T3,
respectively.

A regulation loop BCLO of this kind, the implementation
of which can be likened to control of the current by negative
teedback, generally requires 1ts operation to be stabilized 1n
order to prevent detrimental resonance eflects 1n particular.
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The phase margin reflects the stability of a system, and 1s
equal to the difference between a phase shifted by 180° and
the phase of the system at the zero-gain frequency. One
conventional criterion for stability 1s a phase margin of
greater than 45°.

The conventional solution consists i providing a stabi-
lizing capacitor C0 connected between the output node AQ
and a ground terminal GND. With R ,, being the equivalent
impedance on the output node A0, the capacitor CO 1ntro-
duces a cut-off frequency at 2nR ,,CO.

In a system including a regulation loop, instability 1s
linked to the position of the umity-gain frequency (set by the
dominant pole Y2mR ,,C0) with respect to the secondary
poles. When the secondary poles are set, increasing CO0
makes 1t possible to decrease the unity-gain frequency and
thus to increase the phase margin.

With this kind of assembly, the value of the capacitor C0
may be very high.

By way of 1illustration, the size of such a capacitor C0 on
its own may be greater than the area taken up by the entire
remainder of the circuit shown 1n FIGS. 1 and 2. Further-
more, a large capacitance 1n a radiofrequency amplifier may
also have an antenna eflect that 1s detrimental to the correct
operation of the latter.

Another way of stabilizing the regulation loop BCL0 may
consist 1n decreasing the transconductance of the transistor
12, this moreover introducing a loss of precision, which 1s
likewise undesirable.

Moreover, a capacitor coupled, for example, between the
gate and the drain of the transistor T1 introduces a Miller
cllect that makes it possible to stabilize the regulation of the
current 1n a more compact mannet.

That being said, although the Miller effect makes it
possible to ensure good current regulation loop stability, in
particular, due to the eflect of pole splitting, it introduces
constraints that are mcompatible with the use of the tran-
sistor T1 as a radiofrequency amplifier, since 1t limits the
bandwidth of the transistor T1.

Therefore, there 1s a need to stabilize a current regulation
loop without impairing 1ts performance while not limiting
the bandwidth of the stage to be regulated and 1n a way that
minimizes the area taken up 1n the integrated circuit.

SUMMARY

Embodiments of the invention relate generally to inte-
grated circuits and, in particular embodiments, to current
regulation loops. More specifically, embodiments of the
invention relate to regulation of static currents (e.g. currents
having a constant level) such as amplifier bias currents.

According to one aspect, an integrated circuit comprises
a stage to be regulated through which a current, such as a
static current, for example an amplifier bias current, 1s able
to flow, and a current regulation loop. The regulation loop
comprises a transimpedance amplifier including a common
gate first transistor and second transistor that are configured
to compare the current passing through the stage to be
regulated with a reference current and to generate a regu-
lation voltage on an output node of the transimpedance
amplifier. The integrated circuit furthermore comprises a
capacitor coupled between the output node and the gates of
the first and second transistors.

The capacitor coupled between the output node and the
gates of the first and second transistors, which capacitor 1s
advantageously a stabilizing capacitor, makes 1t possible to
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implement stabilization of the current regulation loop 1n
accordance with an advantageous band-pass capacitance

il

multiplication eflect.

This effect has the advantage of amplifying the capaci-
tance of the capacitor, and makes it possible to minimize the
size ol this capacitor. For example, this effect makes 1t
possible to reduce the size of a capacitor CO of the kind
described with reference to FIGS. 1 and 2 by more than
90%, for a better result.

Thus, the capacitance of the capacitor 1s advantageously
less than 5 picofarads.

The band-pass capacitance multiplication efiect makes it
possible to choose the frequencies for which the stabilization
1s 1implemented, 1n order not to impair the performance of
the stage to be regulated.

The current regulation loop may, therefore, be configured
to have a bandwidth that 1s lower by at least a factor of ten
than the working frequency of the stage to be regulated.

For example, the current regulation loop 1s configured to
regulate the static current with a cut-ofl at several tens of
megahertz, 1.e., a frequency that i1s far from the operating
frequency, which 1s greater than 1 gigahertz, of the stage to
be regulated.

The stabilization of the regulation according to this aspect
makes 1t possible to decrease the size of itegrated circuits
intended 1n particular for radiofrequency communications,
and 1n accordance with optimum operation.

The stage to be regulated may, therefore, include a radiof-
requency amplifier having a working frequency of greater
than 1 gigahertz.

For example, the radiofrequency amplifier 1s a low-noise
amplifier including an amplification transistor, the gate of
which 1s connected to the output node of the transimpedance
amplifier by a resistor.

In another example, the radiofrequency amplifier 1s an
NMOS-PMOS dual amplifier including two amplification
transistors, the gate of one of the amplification transistors
being connected to the output node of the transimpedance
amplifier by a resistor.

For example, 1n the current regulation loop, the gates of
the first and second transistors are connected to the drain of
the second transistor, the two transistors being configured to
pass the reference current, and the output node of the
transimpedance amplifier 1s connected to the drain of the
first transistor.

Moreover, the transimpedance amplifier may include a
reference current source, and a current mirror configured to
pass copies of the reference current to the drains of the first
and second transistors, respectively.

The current regulation loop may include a first resistor
and a second resistor that are connected between a terminal
configured to receive a supply voltage and the source of the
first transistor and the source of the second transistor,
respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages and features of the mnvention will
become apparent upon examination ol the detailed descrip-
tion of non-limiting embodiments and of the appended
drawings, in which:

FIGS. 1 and 2, described above, show an integrated circuit
including a current regulation loop stabilized using conven-
tional means:;

FIGS. 3 and 5 show advantageous exemplary embodi-
ments of the invention:
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FIG. 4 15 a plot showing a band-pass capacitance multi-
plication eflect according to one exemplary embodiment of
the 1nvention.

Below, the resistances of the resistors and the capaci-
tances of the capacitors of a circuit will be referenced
indiscriminately using the same reference (e.g. R or C).

T

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

FIG. 3 shows an example of an integrated circuit CI
including a stage to be regulated REGI1, as well as a
regulation loop BCL1 that 1s advantageously stabilized.

In this example, the stage to be regulated REG1 includes
a low-noise amplifier LNA, configured to amplily radiofre-
quency signals having frequencies of greater than 1 giga-
hertz, for example.

The amplifier LNA 1ncludes an amplification transistor
T1, an mput terminal RFin coupled to the gate of the
amplification transistor T1 by a capacitor C1, and an output
terminal RFout coupled to the drain of the amplification
transistor T1.

The source of the amplification transistor T1 1s connected
to a ground terminal GND.

Although not shown in FIG. 3, a cascode transistor for
input-output 1solation could be connected in series between
the amplification transistor T1 and the output terminal, while
being controlled by a cascode reference voltage on its gate.

A capacitor C1 and a resistor R1 form a filter that isolates
the mput terminal RFin from potential signals having fre-
quencies of lower than 1 gigahertz 1n this example.

A resonator loading the transistor T1 comprises an induc-
tive load L2 connected 1n series with a capacitor C2, which
capacitor itself 1s 1n parallel with a resistor R2, between the
drain of the amplification transistor T1 and a terminal
configured to receive a supply voltage VDD.

The mnductive load L2 makes 1t possible to increase the
output dynamic range of the low-noise amplifier LNA and
the capacitor C2 makes 1t possible to prevent a drop 1n the
quality factor of the resonator loading the transistor T1.

A low-noise amplifier LNA assembly of this kind requires
a bias current IDC to flow through the conduction terminals
of the transistor T1 1n order for the amplification transistor
T1 to be placed 1n a linear regime that 1s optimal with regard
to amplification.

The constant (or low-frequency) component of the volt-
age present on the gate of the amplification transistor T1
makes 1t possible to control this flow of bias current IDC.

The bias current regulation loop BCL1 makes 1t possible
to control the value of the constant component of the gate
voltage of the transistor T1, or 1n other words the regulation
voltage.

The regulation loop BCL1 includes a transimpedance
amplifier AMP1, including an advantageous stabilizing
means.

The transimpedance amplifier AMP1 includes a current
mirror MIR comprising a diode-connected NMOS transistor
T6, the gate voltage of which controls two copy NMOS
transistors 14, T5.

The current mirror MIR 1s configured to pass copies of a
reference current IREF generated by a current source to the
drain of a first PMOS transistor T2 and the drain of a second
PMOS ftransistor 13, respectively.

The first transistor T2 and the second transistor T3 are
common gate transistors, the gate being connected to the
drain of the second transistor T3.
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A resistor R2 1s connected on the one hand to the source
of the first transistor T2 and on the other hand to a supply
voltage terminal VDD, and, likewise, a resistor R3 1s con-
nected on the one hand to the source of the second transistor
T3 and on the other hand to the supply terminal VDD.

This configuration makes it possible to compare the
currents flowing through the sources of each of the first and
second transistors, 1n accordance with a comparison factor
equal to the ratio between the resistances of the resistors R2
and R3.

Moreover, various size ratios between the transistors of
the current mirror MIR and the common gate transistors T2,
T3 also make it possible to dimension the comparison factor
of the currents.

For the sake of simplification, 1t will hereinafter be
considered that the comparison factor 1s equal to one.

An output node A of the transimpedance amplifier 1s
connected to the drain of the first transistor T2.

A regulation voltage reflecting a difference between the
current flowing through the first transistor T2 and the
reference current IREF 1s delivered to the output node A, the
gate ol the amplification transistor T1 being connected to the
latter by means of a resistor R1 termed the 1solation resistor.

The regulation voltage present on the output node A
consequently controls the transistor T1 into a more or less
conductive state, and regulates the magnitude of the bias
current IDC until an equilibrium 1s reached.

Equilibrium 1s reached when the current IDC satisfies the
equation: R2*(1+IDC)=R3*I , with 1, the current flow-
ing through the first transistor T2 and 1., the current flowing
through the second transistor T3.

The PMOS transistors T2, T3 and NMOS transistors 14,
T5, T6 of the regulation loop BCL1 are dimensioned in such
a way as to obtamn good matching of the currents and
suflicient gain in the transimpedance amplifier AMP1.

Furthermore, a capacitor C 1s coupled on the one hand to
the drain of the first transistor T2 and on the other hand to
the gates of the first and of the second transistors 12, T3.
This capacitor C makes it possible to stabilize the regulation
implemented by the loop BCLI1.

FIG. 4 shows a Bode plot describing the transier function
of an open loop BLE on the gate of the transistor T1 and
comprising the transistor T1, the inductive load L2, the
transistor 12 and the resistor R1, in the configuration
described with reference to FIG. 3 and in a conventional
configuration of the kind described with reference to FIG. 2.

The curves G1 and P1 respectively represent the gain and
the phase of the frequency response of an open loop equiva-
lent to the loop BLE for a configuration of the kind described
with reference to FIG. 2, 1 particular including a capacitor
CO0 coupled between the output node A and a ground
terminal GND.

The curves G2 and P2 respectively represent the gain and
the phase of the frequency response of the loop BLE 1n the
configuration described with reference to FIG. 3, including
a capacitor C coupled between the drain of the transistor T2
and the gates of transistors 12 and T3.

At low frequencies, for example, frequencies lower than
20 kHz, the transistor T2 acts as a transconductance ampli-
fier and participates 1n the open-loop gain G, ..

The gam G,.., may be  expressed Dby
Gpre—gm *gm,*R2*R ,, with gm., the transconductance
of the transistor T1, gm.,, the transconductance of the
transistor 12, and R , the equivalent impedance on the output
node A.

It can furthermore be seen from the gain curves G1, G2
that the capacitor C, coupled between the drain of the

10

15

20

25

30

35

40

45

50

55

60

65

6

transistor T2 and the common gate of transistors 12 and T3,
introduces two etfects 1n particular.

A first effect 1s a decrease 1n a {first cut-oil frequency.

For example, a capacitor C0 that would conventionally be
connected between the output node A and ground GND, as
in FIG. 2, of capacitance equal to 40 pF, would introduce a
first cut-off frequency Fcll at 55 kHz; Fcll1=12nR ,CO.

The capacitor C connected between the drain and the gate
of the transistor T2 of the kind described with reference to
FIG. 3 and of capacitance equal to 1 pF for its part
introduces a first cut-ofl frequency Fc21 at 20 kHz.

The variations 1n the voltage present on the node B are
transmitted to the node A, via the transistor T2 acting as a
transconductance amplifier, and the vanations transmitted to
the node A are transmitted to the node D by the capacitor C.
At the frequency Fc21, these vanations are identical on
nodes B and D, which causes the gain G2 to {fall.

However, when the frequency increases again, a second
notable effect of the capacitor C 1s observed.

Specifically, with the increase in the frequency, the signal
at A decreases and becomes equal to the signal at D, which
itsell 1s equal to the signal at B. This parity 1s observed
starting from a frequency Fz, termed the zero occurrence
frequency, Fz=V2m(R 5+R3)C, with R ; the resistance of the
transistor T3 1n the on state.

The capacitance C of the capacitor C 1s here advanta-
geously a capacitance that 1s amplified by the transconduc-
tance gm.., of the transistor T2.

Starting from the zero occurrence frequency Fz, the gain
stops falling, which causes the phase P2 to rise, which 1s
beneficial for stability.

Moreover, starting from a second cut-ofl frequency Fc2,
Fc2=1AnR2*C2, the filter formed by the resistor R2 and the
capacitor C2 causes the voltage present on the node B, and
therefore also the voltage present on the node A, to {all.

In other words, the capacitor C in this configuration
makes 1t possible to obtain, on the one hand, a first low-
frequency cut-off for a low capacitance, and makes 1t
possible, on the other hand, to increase the phase shiit at the
zero-gain frequency by an eflect that could be qualified a
band-pass capacitance multiplication effect.

With regard to stability, 1t can be seen from the phase
curves P1, P2 of FIG. 4 that, 1n the presence of the capacitor
C, the phase margin increases by substantially 60° 1n this
example.

In the absence of the capacitor C, the phase margin of the
configuration 1n this example 1s around 20°, and around 80°
with the loop BCL1 including the capacitor C, which bears
witness to an extremely good stability (1t will be recalled that
the conventional criterion for good stability 1s a phase oflset
ol greater than 45°).

By way of comparison, a capacitor C0 coupled 1n the
manner described above with reference to FIGS. 1 and 2 and
having a capacitance forty times greater than the capacitor C
makes 1t possible to obtain a phase margin of around 40°.

Thus, the band-pass capacitance multiplication effect of
the capacitor C not only makes 1t possible to reduce the area
taken up by a conventional stabilizing capacitor by more
than 90%, but also ensures a better performance.

FIG. 5 shows another example of an integrated circuit CI
including a stage to be regulated REG2, as well as a
regulation loop BCLI1 that 1s advantageously stabilized.

The regulation loop BCL1 has the same structure and
ellects as the regulation loop described above with reference
to FIG. 3, and will not be detailed again here.

The stage to be regulated REG?2, for its part, includes an
NMOS-PMOS dual amplifier RFDA.
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The stage to be regulated REG2 includes an input termi-
nal RFin that receives a radiofrequency voltage signal,
amplified by a transconductance amplification stage TRSC
including two cascode amplifiers CASC7, CASC8 with a
current output OUT.

The first cascode amplifier CASCT7 includes a transcon-
ductance amplification N-MOS transistor 17, the gate of
which 1s coupled to the mput terminal RFin, 1n series with
a cascode N-MOS transistor TC7, the drain of which 1s
connected to the output OUT.

The second cascode amplifier CASC8 includes a
transconductance amplification P-MOS transistor T8, the
gate of which 1s coupled to the input terminal RFin, in series
with a cascode P-MOS transistor TCS8, the drain of which 1s
connected to the output OUT.

A resistor R2 connected between a supply voltage termi-
nal VDD and the amplification transistor T8 makes 1t
possible to measure the bias current that passes through the
cascoded amplifiers CASC7, CASCS8 of the NMOS-PMOS
dual amplifier RFDA and flows to a ground terminal GND.

The output node A of the current regulation loop BCL1 1s
connected to the gate of the transistor T7 by a resistor R7,
and the regulation 1s implemented 1n a manner similar to that
described in relation to FIG. 3.

Moreover, the invention 1s not limited to these embodi-
ments, but encompasses all variants, for example the stages
to be regulated REG1 and REG2 have been given by way of
example, as have the various numerical values.

What 1s claimed 1s:

1. An mtegrated circuit comprising:

a first stage configured to receive a bias current;

a current regulation loop comprising a transimpedance
amplifier that comprises a first transistor, and a second
transistor having a gate coupled to a gate of the first
transistor, the first transistor and the second transistor
configured to compare the bias current with a reference
current, and generate a regulation voltage on an output
node of the transimpedance amplifier; and

a capacitor coupled between the output node of the
transimpedance amplifier and the gates of the first and
second transistors, wherein the first stage comprises a
radiofrequency (RF) amplifier having a working ire-
quency ol greater than 1 gigahertz, the RF amplifier
comprising a low-noise amplifier (LNA) that comprises
an amplification transistor having a gate coupled to the
output node of the transimpedance amplifier via a first
resistor.

2. The integrated circuit of claim 1, wherein the capacitor

has a capacitance that i1s less than 5 picofarads.

3. The imtegrated circuit of claim 1, wherein the bias
current 1s configured to have a bandwidth that 1s lower by at
least a factor of ten than a working frequency of the first
stage.

4. An integrated circuit comprising:

a first stage configured to receive a bias current;

a current regulation loop comprising a transimpedance
amplifier that comprises a first transistor, and a second
transistor having a gate coupled to a gate of the first
transistor, the first transistor and the second transistor
configured to compare the bias current with a reference
current, and generate a regulation voltage on an output
node of the transimpedance amplifier; and

a capacitor coupled between the output node of the
transimpedance amplifier and the gates of the first and
second transistors, wherein the first stage comprises a
radiofrequency (RF) amplifier having a working ire-
quency of greater than 1 gigahertz, wherein the RF
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amplifier comprises an NMOS-PMOS dual amplifier
comprising a first and second amplification transistors;
and wherein a gate of the first amplification transistor
1s coupled to the output node of the transimpedance
amplifier via a second resistor.

5. The mtegrated circuit of claim 1, wherein:

the gates of the first and second transistors are coupled to
a drain of the second transistor;

the first and second transistors being configured to pass
the reference current; and

the output node of the transimpedance amplifier 1is
coupled to a drain of the first transistor.

6. The integrated circuit of claim 1, wherein the transim-

pedance amplifier comprises:

a reference current source; and

a current mirror configured to pass copies of the reference
current to drains of the first and second transistors.

7. The mtegrated circuit of claim 1, wherein the current

regulation loop comprises:

a third resistor coupled between a supply terminal con-
figured to receive a supply voltage and a source of the
first transistor; and

a Tourth resistor coupled between the supply terminal and
a source of the second transistor.

8. A circuit comprising;:

a first transistor having a first load path node coupled to
a first supply terminal;

a second transistor having a first load path node coupled
to the first supply terminal, a gate coupled to a gate of
the first transistor, and a second load path node coupled
to the first load path node of the second transistor;

a {irst resistor coupled between the first load path node of
the first transistor and the first supply terminal;

a second resistor coupled between the first load path node
of the second transistor and the first supply terminal;

a first capacitor coupled between a second load path
terminal of the first transistor and the gate of the second
transistor;

a third transistor having a load path coupled between the
second load path node of the first transistor and a
second supply terminal;

a fourth transistor having a load path coupled between the
second load path node of the second transistor and the
second supply terminal, and a gate coupled to a gate of
the third transistor;

a third resistor having a first terminal coupled to the
second load path node of the first transistor;

a sixth transistor having a gate coupled to a second
terminal of the third resistor, a first load path node
coupled to the first load path node of the first transistor
via an inductive element, and a second load path node
coupled to the second supply terminal; and

a second capacitor coupled between the second load path
node of the first transistor and the first supply terminal.

9. The circuit of claim 8, wherein:

the first supply terminal 1s configured to receive a voltage
higher than the second supply terminal, and

the second supply terminal 1s coupled to a ground refer-
ence.

10. The circuit of claim 8, wherein:

the first transistor 1s a p-type transistor;

the second transistor 1s a p-type transistor;

the third transistor 1s an n-type transistor; and

the fourth transistor 1s an n-type transistor.

11. The circuit of claim 8, further comprising a {fifth

transistor having a load path coupled between the first
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supply terminal and the second supply terminal, and a gate
couple to the gate of the fourth transistor.
12. The circuit of claim 11, further comprising a current

source coupled between the first supply terminal and the
load path of the fifth transistor.

13. The circuit of claim 8, wherein:

the gate of the sixth transistor 1s configured to receive a
first radiofrequency (RF) signal via a third capacitor;
and

the first load path node of the sixth transistor 1s configured
to produce a second RF signal based on the first RF
signal.

14. The circuit of claim 8, further comprising the induc-

tive element.

15. A circuit comprising;:

a first transistor having a first load path node coupled to
a first supply terminal;

a second transistor having a first load path node coupled
to the first supply terminal, a gate coupled to a gate of
the first transistor, and a second load path node coupled
to the first load path node of the second transistor;

a first resistor coupled between the first load path node of
the first transistor and the first supply terminal;

a second resistor coupled between the first load path node
of the second transistor and the first supply terminal;

a first capacitor coupled between a second load path
terminal of the first transistor and the gate of the second
transistor;

a third transistor having a load path coupled between the
second load path node of the first transistor and a
second supply terminal;

a Tourth transistor having a load path coupled between the
second load path node of the second transistor and the
second supply terminal, and a gate coupled to a gate of
the third transistor:

a third resistor having a first terminal coupled to the
second load path node of the first transistor

a seventh transistor having a gate coupled to a second
terminal of the third resistor, and a load path coupled
between an output terminal and the second supply
terminal;

an eighth transistor having a load path coupled between
the first resistor and the load path of the seventh
transistor;

a fourth capacitor coupled between a gate of the eighth
transistor and an input terminal; and

a fifth capacitor coupled between the mput terminal and
the gate of the seventh transistor.

16. A method comprising:

receiving a relference current with a transimpedance
amplifier comprising a first transistor and a second
transistor, the first transistor having a gate coupled to a
gate ol the second transistor, and a drain of the first
transistor being coupled to the gate of the second
transistor via a first capacitor;

comparing the reference current with a bias current using,
the first and second transistors, the bias current con-
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figured to pass through a first circuit, the first circuit
comprising a third transistor having a gate coupled to a
first resistor;
generating a regulation voltage on an output node of the
transimpedance amplifier, the output node of the tran-
simpedance amplifier coupled to the first resistor;

recerving a first radioirequency (RF) signal in the gate of
the third transistor; and

generating a second RF signal 1n an output terminal based

on the first RF signal.
17. The method of claim 16, wherein the bias current
flows through an inductor coupled 1n series with a load path
of the third transistor, the inductor coupled to a second
capacitor.
18. A method comprising:
receiving a reference current with a transimpedance
amplifier comprising a first transistor and a second
transistor, the first transistor having a gate coupled to a
gate of the second transistor, and a drain of the first
transistor being coupled to the gate of the second
transistor via a {irst capacitor;
comparing the reference current with a bias current using
the first and second transistors, the bias current con-
figured to pass through a first circuit, the first circuit
comprising a radiofrequency (RF) amplifier having a
working frequency of greater than 1 gigahertz, the RF
amplifier comprising an NMOS-PMOS dual amplifier
that comprises a third transistor having a gate coupled
to a first resistor and a fourth transistor; and

generating a regulation voltage on an output node of the
transimpedance amplifier, the output node of the tran-
simpedance amplifier coupled to the first resistor,
wherein the reference current flows through a load path
of the fourth transistor; and

copying the reference current using a current mirror

comprising a {ifth transistor and a sixth transistor, the
fifth transistor coupled between the first transistor and
a reference terminal, and the sixth transistor coupled
between the second transistor and the reference termi-
nal.

19. The method of claim 18, wherein generating the
regulation voltage on the output node of the transimpedance
amplifier comprises generating the regulation voltage on the
output node of the transimpedance amplifier without having
a capacitor connected between the output node of the
transimpedance amplifier and the reference terminal.

20. The integrated circuit of claim 1, wherein the current
regulation loop 1s configured to generate the regulation
voltage on the output node of the transimpedance amplifier
without having a capacitor connected to the output node of
the transimpedance amplifier.

21. The integrated circuit of claim 4, wherein the bias
current 1s configured to have a bandwidth that 1s lower by at
least a factor of ten than a working frequency of the first
stage.

22. The integrated circuit of claim 4, wherein the capaci-
tor has a capacitance that 1s less than 5 picofarads.
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